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FrTETTTT . meters per second_ ... __ m.p.s feet per;second..______ f.p.s.
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Weight=mg o »,  “Kinematie v1scos1t,y
Standard acceleration  of - qgraV1ty=9.80665 P, Density (mass per unit volume).
m/s? or 32.1740 ft./sec.? ; Standard  density. of -dry air, 0.12497 kg—m"‘ s? . at
Mass=—7 ) X 15° C.-and 760 mm; or.0.002378 lb.-ft.~* sec.?

Moment of , inertia=mk2. (lndloate axis  of
radius of gyramon k by proper subscrlpt )
Coefhc1ent of v1scosmy

Specific weight of “‘standard” au', 1.2255 kg/m‘”’\ or
P0.07651 Ib. feu. {t.
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Area,

Area of wing

Gap . '

Span © ‘ - : :

Aspeot ratio’
True air speed

Dynamic pressure =5 p V2
L

D

Profile drag, absolute coefﬁclent ODO - gSO’

Induced drag, absolute coefﬁment Cop,= gDSi’

D,

Cross-wind force, absolute coefﬁc]ent Oc——q%

Resultant force

Yoy
(27

Q

Q

VI
Py

Angle of settmg of wmgs (relative. to thrust

‘line)

Angle of stab1hzer settmg (relatlve to thrust‘

line) -
Resultant moment

- Resultant angular veloclty

Reynolds Number, where l is a lmear dimension

“(e.g., for a model  airfoil -3 in. chord, 100
m.p.h. normal . pressure af 15°.C,, the cor-

responding number is.234, 000; or for a model
~of 10 cm chord, 40 m.p.s., the corresponding
number is-274,000) ~

Center-of-pressure coefficient (ramo of distance

of ¢.p. from leading edge to chord length)
Angle of attack B
Angle of downwash .
Angle of attack, infinite aspect ratio
Angle of attack, induced

Angle of attack, absolute (measured from zero-

lift position)
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CALCULATION OF THE CHORDWISE LOAD
DISTRIBUTION OVER AIRFOIL SECTIONS WITH PLAIN,
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Page 3, legend for figure 5:
Change the flap deflection from "30°" to "50°M,

Page 3, legend for figure 6
Change the flap deflection from "50°" to "30°",

Page 4, column 2, line 36
Change "figures 5 and" to "figures 6 and",

Page 13, table II, third line of heading of last column:
Insert "100" before "z,/c".



REPORT No. 634

CALCULATION OF THE CHORDWISE LOAD DISTRIBUTION OVER AIRFOIL SECTIONS
WITH PLAIN, SPLIT, OR SERIALLY HINGED TRAILING-EDGE FLAPS

By H. JuLiaAN Avnen

SUMMARY

A method 1s presented for the rapid calculation of the
ineremental chordwise normal-force distribution over an
airfoil section due to the deflection of a plain flap or tab,
a split flap, or a serially hinged flap. This report is in-
tended as a supplement to N. A. C. A. Report No. 631,
wherein a method is presented for the calculation of the
chordwise normal-force distribution over an airfoil without
a flap or, as it may be considered, an airfoil with flap (or
flaps) neutral.

The calculations are made possible through the corre-
lation, by means of thin-airfoil theory, of numerous exper-
1mental normal-force distributions. The method enables
the determination of the form and magnitude of the incre-
mental normal-force distribution to be made for an airfoil-
Aap combination for which the section characteristics have
been determined.

A method is included for the calculation of the flap
normal-force and hinge-moment coefficients without neces-
sitating a determination of the normal-force distribution.

INTRODUCTION

The general importance of airfoils equipped with
trailing-edge flaps has promoted both experimental
and theoretical determinations of the chordwise dis-
tribution of normal force over such surfaces in an eflfort
to increase the structural efficiency of their design.

The theoretical investigations have been made under
the assumption that the fluid viscosity is negligibly
small. This assumption must be made, for the present
at least, in order that the problem may be analytically
handled. Unfortunately, as experiments have shown,
viscosity clearly is not a negligible factor in this problem
and, consequently, the theory is not able to predict
adequately cither the magnitude of the incremental
normal force brought about by the deflection of the
flaps or the nature of the chordwise distribution of this
incremental normal force.

On the other hand, the large number of variables
involved in the problem malkes it too difficult to develop
an adequate method, applicable in the general case, for
the calculation of the incremental normal force and
the incremental normal-force distribution from the
experimental pressure-distribution measurements that
have been made.

In this report a method is developed for the calcula-
tion of the incremental normal-force distribution due
to the deflection of the flap based upon the results of
experimental investigations; the theoretical relation-
ships are used as a basis for the coordination of the
experimental observations. Employment of exper-
imentally - determined airfoil section characteristics
makes it possible, moreover, to obtain a distribution
consistent in magnitude with that obtained by exper-
iment. The method has been made applicable to an
airfoil section equipped with a plain flap or tab, a split
flap, or a serially hinged flap. This report is intended
as a supplement to reference 1, wherein a method,
similar in its details of development, is presented for
the calculation of the chordwise normal-force distribu-
tion over an airfoil section without a flap or, as it may
be considered, an airfoil section with flap (or flaps)
neutral.

In order to facilitate the employment of this method,
the report has been divided into two sections:

I. The Derivation of the Method.
II. The Application of the Method.

In the derivation, Glauert’s theoretical chordwise lift
distribution is discussed and the empirical alteration of
the theory is treated. In addition, the development
of the requisite equations for the determination of the
magnitude of the distribution from force-test results is
given. In the application, the general procedure to be
followed in using this method either for airfoil sections
with plain or split flaps or for airfoil sections with
serially hinged flaps is given in concise form along with
an illustrative example. The mathematical derivation
ol the theory is given in the appendix.

I. THE DERIVATION OF THE METHOD

Glauert (references 2 and 3) has treated analytically
the problem of the symmetrical airfoil with a plain
flap, assuming the airfoil to be of infinitesimal thickness.
The thin-airfoil theory is treated in the appendix of
this paper. It is shown that the incremental lift dis-
tribution or, as it will be regarded, the incremental
normal-force distribution due to the deflection of a
flap may be considered, for convenience, to be com-
posed of two component distributions: (a) the incre-

1
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mental additional distribution P, and (b) the incre-
mental basic distribution P,;. The incremental addi-
tional distribution is, in form, independent of the
flap-chord ratio and does not contribute to the quarter-
chord pitching moment, whereas the incremental basic
distribution is, in form, dependent upon the flap-chord
ratio and is responsible for the entire incremental
quarter-chord pitching moment due to the deflection
of the flap.

The theoretical additional distribution, as given by
the thin-airfoil theory (appendix, equation (A-17)), is
shown by the dotted curve in figure !. Since the incre-

60115 ] BN
5.0 = —
10
4.0H F —
s Lt
S !
SO
Y !
SRR}
¢ Y
N ‘\\
o [TEWNAE
2.0 SR\ 5
N\ C
10 NN
’ Theoretical ‘3§
S
Computed-"TSwsd.. | B

0 J o2 3 4 5 6 .7 8 .9 10
z/c
FicurE 1.—Additional normal-force distributions.
mental additional distribution due to the deflecction of
the flap is identical in form with the additional dis-
tribution for the airfoil with flaps neutral, the experi-
mentally determined additional distributions given in
reference 1 will be used for this method. The four
classes of additional distribution presented in reference
1 are given in table I and figure 1 (solid lines) of the
present report. A key to the class of aistribution to be
employed for 22 airfoils is given in table IT of the present
report. (The letters A, B, C, D, and E in column
“Classification PD? designate the class of distribution.)
The remaining airfoil characteristics for these airfoils
are given in table I of reference 1.
The shape of the theoretical incremental basic lift
distribution (appendix, equation (A-19)) or, of what
is considered to be its equivalent, the incremental basic

normal-force distribution is shown by the dotted lines
of figures 2 to 6. Proceeding rearward from the lead-
ing edge of the airfoil, the pressure difference, which 1is
zero at the leading edge, increases rapidly at first, then
more slowly and, as the hinge is approached, it increases
more and more rapidly until the pressure difference
becomes unlimited at the hinge point, where the airfoil
radius of curvature is zero. Rearward from the hinge,
the pressure difference drops rapidly at first, then more
slowly, and finally more rapidly again to zero pressure
difference at the trailing edge. With a hinge radius of
curvature other than zero, the basic pressure difference
at the hinge becomes finite.
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Numerous comparisons between experimental (made
with 0.10¢, 0.20¢, and 0.30¢ plain-flap airfoils with flap
deflections ranging from 10° to 60°) and theoretical
incremental basic normal-force distributions (Pps/c,,;)
for plain-flap airfoils generally showed good agreement
ahead of the hinge but poor agreement behind the
hinge, particularly for large flap angles. This result is
to be anticipated for ahead of the hinge favorable
pressure gradients retard the growth of the boundary
layer and, conversely, back of the hinge adverse gradi-
ents accelerate the growth of the boundary layer. An
examination of these comparisons, however, disclosed
that, for all three flap-chord ratios at any one given flap
deflection, the ratio of the experimental basic normal
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force to the theoretical was practically constant for
corresponding points along the airfoil. That is, if 8 is

deﬁned as
<-Z b5>
tps/) exp.

C"bﬁ theor. .

it has been found that values of 8 computed from experi-
mental pressure-distribution measurements made over
0.10¢, 0.20¢, and 0.30¢ plain-flap airfoils with the same
flap deflection (references 4 and 5), when plotted in the
form of curves of 8 against both ﬂa (points ahead of the

1—
1—1(;"@ (points back of the hinge), lic very

hinge) and

nearly on the same curve.
the flap-chord ratio.

In these expressions, I is
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FIGURE 7.~Additional normal-force distribution for a stalled symmetrical airfoil.
R. A. F. 30 section.

This result is used as a basis for extending the analy-
sis to cases where no experimental data are available.
Curves of the mean values of 8 for flap deflections of
10° to 60° were determined. It was found that, for
flap deflections of 15° or less, a single 8 curve applied.
At these small angles the departure between theory
and experiment is slight, which shows that the boundary
layer is still thin and the flow pattern is still reasonably
like that predicted by theory. As the flap deflection is
increased, the adverse pressure gradients back of the
hinge are increased and separation finally takes place;

the incremental basic normal-force distribution then
becomes markedly different from that predicted by
theory. This abrupt change in the nature of the flow
takes place at or near 20° flap deflection. The exact
angle at which this stalling occurs is a function of a
number of variables (angle of attack, Reynolds Num-
ber, surface irregularities, hinge leakage) and no single
8 curve can apply very near this flap angle.

Values of Pys/c,,; have been computed from numer-
ous pressure-distribution measurements (references 4
and 5) and are plotted in figures 2 to 6 along with the
theoretical distributions and the computed distributions
obtained by use of the computed curves of mean g
values.

In table I1I (a) to (f), the computed distributions of
Pys/ca,; (equation (1)) are given for various flap-chord
ratios and flap deflections.

The expansion of the experimental results, taken
with plain flaps where the flap-chord ratio never ex-
ceeded 0.30, to the much higher values given in table
111 is justified as follows. When the flap-chord ratio
is 1.0 for a symmetrical airfoil, the incremental normal-
force distribution becomes the incremental additional
normal-force distribution and, when corrected by the
mean B values, the incremental additional distribution
should be expected to agree with the experimentally
determined additional distribution if the 8 values are
truly independent of the flap-chord ratio. In figure 1,
the computed distribution obtained by use of the g
values for the unstalled flow (i. e., §==5°, 10°, and 15°)
is shown along with the additional distributions of ref-
erence 1. In figure 7, the computed and experimental
distributions for a stalled symmetrical airfoil (a=25§==28°)
are shown. From the close agreement between the ex-
perimental and the computed distributions shown in
figures 1 to 4 for the unstalled flap and in figures 5 and
7 for the stalled airfoil, it is concluded that, for design
purposes, the 8 values may be considered independent
of the flap-chord ratio.

The method of correlating experimental pressure dis-
tributions for airfoils with plain flaps may be employed
for airfoils with split flaps. Consider the airfoils with
split flaps to be analogous to the airfoils with plain
flaps, the boundary-layer displacement thickness at any
point back of the hinge for the airfoils with split flaps
being as great as the distance from the lower surface
of the flap to the upper surface of the undeflected por-
tion of the airfoil back of the hinge. Analysis of the
problem in this manner permits the values of 8 to be
determined from experimental data, provided that some
assumption is made regarding the lift distribution on
the undeflected portion of the airfoil back of the hinge.
Assume that over this portion at all points back of the
hinge the pressure differences are negligibly small com-
pared with the corresponding pressure differences over
the split flap itself. This assumption is consistent with
the analogy (pressures are propagated undiminished
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through a boundary layer) and is supported fairly well
by experiment (references 6 and 7), particularly for
positive angles of attack and the larger flap deflections.

Values of 8 were obtained for split flaps using the
incremental pressure distributions of reference 6. It
was found that, for flap deflections of 40° or more, the

(@) Normal-for‘cé distribution for airfoil with flap
neutral.

(b) Normal-force distribution for airfoil with flap
deflected.

X

(c)Distribution shown in (a) plotted normal to
flap-deflected chord.

due to

{d) Increment normal-force distribution
deflection of flap.

i
l
I
1
|
|
{
1

(e) Distribution shown in (d) plotted normal to
flap-neutral chord.

F1GURE 8. —Normal-force distribution and incremental normal-force distribution for
flaps neutral and deflected.

B values for plain- and split-flap airfoils were the same.

In table III (d) to (h), the computed distributions of

Pys/cn,, are given for various flap-chord ratios and flap

deflections. Again the assumption is made that a single
8 curve applies for all flap-chord ratios for any given
flap deflection.

The development of the requisite equations to deter-
mine the magnitude of the incremental additional and
incremental basic distribution from wind-tunnel force
tests will now be considered. From force tests of the
airfoil with flap neutral, ¢,, (quarter-chord pitching-
moment coefficient) and ¢,, (normal-force coefficient)
corresponding to the normal-force distribution shown
in figure 8 (a) are obtained. Again, from force tests of
the airfoil at the same attitude with the flap deflected,
€my a0d ¢,, corresponding to the normal-force distribu-
tion shown in figure 8 (b) are obtained.

~ Let
Acmzcmg""cml/] .
ACn:cng”’Cn,I/ I (.2)
where c¢,,’ and ¢,  are the pitching-moment and
normal-force coefficients corresponding to the normal-
force distribution for the airfoil with flap neutral when
plotted normal to the chord of the airfoil with flap
deflected, as shown in figure 8 (¢). Then Ac, and Ac,
are the pitching-moment and normal-force coefficients
of the incremental normal-force distribution when the
incremental distribution is plotted normal to the chord
of airfoil with flap deflected, as shown in figure 8 (d).
For the commonly used airfoils, the approximation
Cnl:Cnll .
Cony =Comy’ )

is sufficiently exact except in the rare case when the
flap-chord ratio F and the flap deflection § are simul-
taneously large. (See figs. 8 (a) and (c).)

Let Ac,’ and Ac,’ be the pitching-moment and the
normal-force coeflicients of the incremental normal-
force distribution plotted normal to the flap-neutral
chord, as shown in figure 8 (e). Since the incre-
mental basic normal-force distribution is responsible
for the entire quarter-chord pitching moment, then,
if @ is the moment arm in terms of the chord of the
basic normal force about the quarter-chord point,

Acy'=Gen,,

’ .
Acn — Cnaﬁ + Cnbﬁ

c _Acy,/ [
71,b5—4*G,”

or

o @
Cna(;:ACnl— CGMI
The value of G is a function of I and 5. Values of

G are given in table IV.

The correlation between the fictitious values of
Ac,’ and Ac,’ and the measured values of Ac,, and Ac,
must be established in order to determine ¢s,; and
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¢n,; from force tests. Let the incremental flap normal-
force coefficient for unit span be given by

n
Cngs™ gfé"; (5)

where ny; is the incremental flap normal force per unit
span and ¢ is the dynamic pressure in the air stream.
Then

Ac,/ =Ac,+ Een , (1—cos 6)
and

3 (6)
Ay = Ac— Fen , (1—cosd) <Z_ E>

The incremental flap normal force may be considered
as a combination of two components due to the incre-
mental additional and the incremental basic normal-
force distributions. Let v, and v, be the ratio of the
flap normal force to the airfoil normal force for the
incremental additional and the incremental basic nor-
mal forces, respectively; then

Cn 3= YaiCngs+ Yosnyg )
or

A
Cnﬂs:')’ab(ACn’ >+ Yoo 7 Cm (8)
The contribution of the additional normal-force dis-
tribution is small compared with the basic contribution
so that, for the purpose of determining Ac,’ and Ac,’,
the following approximation may be employed:

Ac,/
Cnﬁ == Yvs Gm

and equations (6) become

, v Acy’
Ac,’ = Ac, -+ Ervyys - (1—cos 8)

Acy’ = Ay, — Fryps cm (1—cos 6)<~~ﬁ)

so that
Acml =TuACy
} )]

) Ac,” = Ac,+1,A¢,,
where

E(1—cos 3) 1’@

E(l—cos 6)< E)YZ’B]

E(l—ooq 5)<4 E)%"5

The values of 7, and 7, have been determined and are
given in tables V and VL.

Then, given ¢uy, €y, Cmy, a0d €y (¢, may be considered
as ¢,; ¢, may be calculated if ¢, , , the pitching-moment
coeflicient about the aerodynamic center, and z, . /e,
the chordwise distance of the aerodynamlc center from
the quarter-chord point of the section in terms of the
chord, are given instead of ¢,,)

Tp=——

14

Tm—

I+

Acmzc,n2—cml

(10)
Ac,= Cny— Cn

1
and using the values of 7, and 7, from tables V and VI
depending on the type of flap, then (equation (9))
Acp' =TnACm
Ac, = Ac,+ TRl
The incremental basic and additional normal-force
coefficients may be obtained from equations (4),
which are

_Aca’
Cnns™= "
Ac,,’
Cnys™ Acn, 5

G

When the appropriate values of the incremental basic
normal-force distribution, Pys/c,,s from table III are

used, then
IJ
P 5:<—M>Cn
b Caps 12}

By the use of the proper class of incremental addi-
tional normal-force distribution, P/c,,, from table I

. P ad
P 115:<_‘ cnm;
C”a&

The incremental basic and additional distributions
may be added to give the entire incremental normal-
force distribution,

(11)

(12)

Ps=Py+ Py (13)

and this incremental normal-force distribution may be
added to the distribution for the airfoil section with
undeflected flap, P; (which distribution may be obtained
by the method of reference 1), to give the normal-force
distribution for the airfoil with the deflected flap

Py=P,+P; (14)

The incremental flap normal-force coefficient is given
by equation (7) and the corresponding flap hinge-
moment coefficient can be written by analogy.

MNys
COn 5= T YatCnys + Y 65Cnyy
v (15)
by
C)zfa ljfz 5 nuécnu({“{"”bébnba

Values of v,; and 5,5 are given in tables VII and VIII.
As the incremental additional and additional distribu-
tions are identical in form

Yas = Ya

Nas ™ Na

Values of v, and 7, are given in tables IX and X, re-
spectively.
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The flap normal-force and hinge-moment coefficients
for the airfoil with flap neutral may be determined by
considering the contributions of each of the component
distributions that make up the flap-neutral normal-force
distribution. In reference 1 the flap-neutral normal-
force distribution is considered to be composed of four
component distributions: (a) the moment basic (class
1), (b) the camber basic (class 0, 1, or 2), (¢) the aero-
dynamic center, and (d) the additional (classes A, B,
C, D, and E). The class of each distribution to be
employed for a number of airfoils is given in table II
(or tables I and II of reference 8) in the column ““Classi-
fication PD.” The letter (A, B, C, D, or E) designates
the class of the additional distribution; the first number
(1) designates the class of the moment basic distribu-
tion; the second number (0, 1, or 2) designates the class
of the camber basic distribution.

The moment basic normal-force coefficient may be
obtained from

Cuyp = ”6‘30‘%&04 for class 1 (16)

The camber basic normal-force coefficient may be
obtained from

Cnye=0 for class 0

Ze
Cnpe=9.70 5 for class 1 17
Cnp=18.75 i—” for class 2

where z./c is the camber in terms of the chord. Values
of z,/c are given for a small number of airfoils in table IT
and for a large number of airfoils in tables I and IT of
reference 8. The additional normal-force coefficient
may be obtained from

(18)

The aerodynamic-center distribution coefficient is
given by

Cng™Cny— C”bc* cnbm

xa.c.

Ca.c.™= cna (19)
Values of z, . /¢ are given for a small number of airfoils
in table IT (column 3) and for a large number in tables I
and II of reference 8.

Finally, the flap normal-force coefficient is given by

cnfl:7acna+7bccnbc+mecrzbm+7a.n. Ca.c. (20)
and the flap hinge-moment coefficient is given by
chflz"]acna_*' nbccnbc+ nbmcnbm_lﬂ']a.c‘ca.c‘ (21)

The various y and 5 values are given in tables IX
and X. '

The flap normal-force and hinge-moment coefficients
for the airfoil section with flap deflected are

cnf2:cnf1“|“cnf5

(22)
Chfz = Chfl -+ Chfs

74938—38; 2

This method for the determination of incremental
chordwise normal-force distribution for airfoils with
flaps was developed for airfoils of normal profile and
camber, and therefore it cannot be presupposed that
this method might be applied to airfoil sections of ab-
normal form,

The values of P/c,,, for airfoils with both plain
and split flaps were determined from tests of airfoils
having very small gaps between the wing and the lead-
ing edge of the flap. It has been found (reference 9)
that any gap between the wing and the leading edge
of a plain flap has a detrimental effect upon the aero-
dynamic characteristics. It is probable that this gap
effect will also be true for split-flap airfoils. In the
absence of evidence to the contrary, the method pre-
sented cannot be considered applicable to plain-flap
or split-flap airfoils with large gaps.

The flap hinges of all plain-flap airfoils, from the
tests of which the Py;/c,,; values for the plain flap were
determined, were midway between the upper and lower
surfaces of the airfoils; that is, the radius of curvature
of the upper surface above the hinge for each airfoil
was half the depth of the airfoil at the hinge. Tests
have been conducted to determine the effect of chang-
ing the radius of curvature at this point from zero to
the full depth of the airfoil at the hinge. (The results
of these tests have -not been published.) The airfoil
employed in the test was equipped with a 0.60¢ plain
flap deflected 12° and with a 0.20¢ plain flap deflected
15°; the effect of changing the radius of curvature at the
0.60c-flap hinge alone was determined. The results
of these tests show only a negligible change in the
aerodynamic characteristics (and presumably in the
normal-force distribution) with a change in the radius
of curvature. Because of the limited nature of the
tests, these results cannot be considered conclusive for
plain-flap airfoils in general, and the method presented
must be considered strictly applicable to plain-flap
airfoils with upper-surface curvatures not less than half
the airfoil depth at the hinge.

The Pysfc.,; values for plain-flap airfoils were de-
termined from airfoil tests made at an effective Reynolds
Number of about 1,000,000. Comparison of these
tests with tests made at an effective Reynolds Number
of about 17,000,000 indicates that the effect of scale is
unimportant although, it may be mentioned, in the
critical region of flap deflections (i. e., for & near 20°)
there is a tendency at higher scales to maintain the
unstalled incremental basic distribution (i. e., the §=5°,
10°, and 15° type of distribution) up to slightly greater
flap deflections. Pressure-distribution measurements on
split-flap airfoils made at effective Reynolds Numbers
of 1,700,000 and 3,200,000 showed apparently no effect
from this small change of scale.

It is difficult to make any general statement regarding
the accuracy of this method for the determination of the
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incremental chordwise normal-force distribution. The
dispersion of experimental pressure-measurement results
shown in figures 2 to 6 may be considered typical.

II. THE APPLICATION OF THE METHOD
THE GENERAL PROCEDURE FOR AN AIRFOIL WITH A PLAIN OR A
SPLIT FLAP
In order to determine at a given lift coeflicient the
incremental normal-force distribution over a given air-
foil section due to the deflection of a plain or a split
flap, it is necessary to have the following experimentally
determined characteristics for the airfoil section:
(a) With flap deflected:

¢1,, the section lift coefficient (given).
Cmg .y the section pitching-moment coefficient about

wfl.c.
- )
¢ 2

(b) With flap neutral (with the airfoil section at the
same angle of attack):

the aerodynamic center.
the chordwise coordinate of the aerodynamic-
center position in terms of the chord.

¢y, the section lift coefficient.
Cig .y the section pitching-moment coefficient about

the aerodynamic center.

Z..\ the chordwise coordinate of the aerodynamic-
<—c— . center position in terms of the chord.

(¢) The class of additional normal-force distribution
to be employed.

For -illustrative purposes, given: an N. A. C. A.
23012 airfoil section with a 0.20¢ split flap (£=0.20)
set at 45° (6=45°). To determine: the incremental
normal-force distribution for this airfoil, when, with the

flap deflected, the lift coefficient ¢;, is 1.40. From
reference 10, when

¢1y=1.40
then
Cm =—0.229
a.c.g
<L> —=0.012
C /sy
a=2.0°

For the airfoil with flap retracted, when «=2.0°, from
reference 11,
01120.34:
Cng ., =—0.005

and from table 11 of the present report

<L> —0.012
¢ /i

and the C class of additional distribution is to be
employed.
The quarter-chord pitching-moment coefficient is

La.c.
cmac l< c >

and the approximation is made
Cp== C;

so that, for the example cited,
Cmy=—0.2294-1.40(0.012) = —0.212
Cpp=1.40

and
Cmy=~—0.005+0.34 (0.012) =-—0.001
Cay=0.34

The quarter-chord pitching-moment and normal-
force coefficients for the incremental normal-force dis-
tribution considered normal to the airfoil chord with
flap deflected are given by

Acm:cmg_cml
AC,=Cpy—Cny° (10)
(equations are numbered as in part I of the report)
so that, for the example cited,

A¢,=—0.212-4-0.001=—0.211
Ac,=1.40—0.34=1.06

The pitching-moment and normal-force coefficients
for the incremental normal-force distribution, con-
sidered normal to the airfoil chord with flap neutral,
are given by

Acy =TmACy )
Ac,’ = Acp+ TalACH

Values of 7, and ,, are given in tables V and VI. For
the example cited, by interpolation from the tables,

Tm=1.16
Tp=—0.30
so that

Acy =1.16 (—0.211)=—0.245
Ae,’ =1.064 (—0.30) (—0.211)=1.12

The incremental normal-force distribution is con-
sidered to be composed of two component distributions:
(a) the incremental additional distribution, and (b) the
incremental basic distribution. The magnitude of the
incremental basic normal-force coefficient is given by

Acy’
O™ G 4)

Values of G are given in table IV for airfoils with plain
and split flaps.
For the example cited by interpolation from the table

G=—-0.412
and so ’
—0.245
—0.412

=0.60

c
255

The incremental additional normal force is obtained
from

4)

e Ap
Cnys==AC"~Cny
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For the example cited
Crgs=1.12—0.60=0.52

The incremental additional distribution may then be
obtained from
. P,
Py :<c_"‘j:>cnaa

Values of Pg/c,,; at a number of stations along the

chord are given for the various classes of distributions
in table I and figure 1. The quantity P, is the pres-
sure difference in terms of ¢, the stream dynamic pres-
sure.

For the example cited

(12)

Pu= L “5)0.52

"ad

so that for the class C distribution (table I) the values
of P, in the following table are obtained.

COMPUTATION OF INCREMENTAL ADDITIONAL

DISTRIBUTION
zle Pusen,s Pa

0 0 "0
L0125 4.98 2.59
. 025 4.23 2.20
. 050 3.22 1.67
L0765 2.68 1.39
. 100 2.32 121
. 150 1.85 .96
. 200 1. 54 .80
. 300 1.14 .59
. 400 .87 .45
500 .68 .36
600 .51 27
700 .37 20
800 .24 13
900 .12 06
. 950 .06 .03

1.000 0 0

The incremental basic distribution is found from

P _ Pbﬁ
=\ C"bé
Crps

Values of Py/e,,; at a number of stations along the
chord are given in table IIT for plain and split flaps.
For the example cited,
Palygg

Py=
Cnps

(1)

Values of Py/c,,; are obtained by interpolation from
table 111 and computed values of P,; are given in the

following table. Again, P,; is the pressure difference in
terms of ¢.

COMPUTATION OF INCREI\(L)TENTAL BASIC DISTRIBU-
TI

zle z Pys P 1-z/c z Py P
1-T Py . 3] o - - b3
1-E ¢ Cnys E 4 Cnys
1] 0 0 0 1.00 0.80 2.06 1.23

05 .04 .16 10 .90 .82 2.19 131
10 08 .24 14 80 .84 2.21 1.32
20 16 35 21 70 .86 2,18 1.381
30 24 46 28 60 .88 2.12 1.27
40 32 57 34 50 .90 2.02 1.21
50 40 69 41 40 .92 1.89 1.13

.60 48 83 50 30 .94 170 1.02

.70 56 1.02 .61 20 .96 1.47 .88

.80 64 1.26 .75 10 .98 1.10 .66

.90 72 1.59 .95 05 .99 .82 .49
1.00 80 2.06 1.23 0 1.00 0 0

* Finally the incremental normal-force distribution is
found by addition:

Ps=Py+ Py (13)
30 : |
25
Ps
20
Paé
\
1.5 \
\
Pys
\
1.0 7, \
= \
\
Fas \
5 o \
L1
L ]
e ™~
\\
o t 2 3 45 6.7 L8 9 /0
z/c

FiGURE 9.—Calculated incremental normal-force distribution. N, A, C. A. 23012
airfoil section at @=2° with a 0.20c split flap at §=45°.

This addition has been made for the example cited.
In figure 9 the distributions of P,;, P, and Pjare given.
The incremental normal-force distribution may be
added to the normal-force distribution for the airfoil
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with flap neutral (as may be obtained from an experi-
mental pressure-distribution investigation or by the
method of reference 1) to give the normal-force distri-
bution for the airfoil with flap deflected

Py=P,+ P, (14)

The incremental flap section normal-force and flap
section hinge-moment coeflicients are found as the sum
of the contributions from the incremental additional
and the incremental basic distributions:

MNrs
C-’lﬂ:ch:7a50na6+7b60nb5 15)
15
e
Crnps= QE202 = NasCnys + N08Cnys

where ny and hg are the incremental flap normal force

and hinge moment per unit span, respectively. The

values of v, and 7, are given in tables IX and X.

Values of v, and 7,5 are given in tables VII and VIII.
For the example cited, from tables IX and X

‘)/aa=0.12; W:—O.OLL
and by interpolation from tables VII and VIII
Yos=1.79; np=—0.77

so that, using the values of ¢,,; and ¢,,; already deter-
mined,

s =0.12 (0.52)1.79 (0.60)=1.13
Cnpy=-0.04 (0.52)—0.77 (0.60)=—0.48

By a similar method, the flap normal-force and hinge-
moment coefficients for the airfoil with flap neutral
may be determined from

C"fl:'Yacna‘}"'chcnbc‘}_'mecnbm_{"')’a‘vAca.c. (20)

c"fl = NaCn, + nbccnbg—l_ NomCrym, + Na.e.Ca.c. (21)

where ¢,,, ¢y,,, and ¢,,,, are the normal-force coefficients
of the additional, camber basic, and moment basic
distributions given in reference 1, and ¢, .. is a measure
of the magnitude of the aerodynamic-center distribution
given in reference 1. These coefficients may be found
from equations (16) to (19) in part I. Values of
v and 5 are given in tables IX and X.

For the example cited, the pressure-distribution
classification is given in table IT as C12 and

Ze—0.018
4

Hence, from equations (16) to (19),

Oy = —6.30(—0.005) =0.03
Cngy=18.75(0.018) =0.34
cna=0.34—0.34——0.03=—0.03

Cq...=—0.03(0.012)=0.000

From tables IX and X
Ye=0.12 7.=—0.04
7bc:0-09 nbc:—0.0B
Yom—0.32 Nom=—0.11
so that

Cnyy = (0.12) (—0.03) 4 (0.09)(0.34)-+(0.32) (0.03) =0.04

Cny, == (—0.04)(—0.03) 4 (—0.03)(0.34) 4 (—0.11) (0.03)
=—0.01

The flap normal-force and flap hinge-moment co-
efficients are, by addition,
P T o (22)
chf2: chfl +clzf5
For the example cited,
cnf2=O.O4—l-1.13=1.17

Cnyy=—0.01—0.48=—0.49

THE GENERAL PROCEDURE FOR AN AIRFOIL WITH
A SERIALLY HINGED FLAP

The incremental distribution for an airfoil with a
serially hinged plain flap is obtained by determining
the incremental distribution for the airfoil with each of
the several flaps deflected and then by adding the
various distributions.

This superposition method will always be applicable
provided that all flaps of the system are unstalled (i. e.,
no flap is deflected more than 15°) with the exception of
the final (smallest) flap, which may be stalled or un-
stalled. If, in a combination of a large flap and a small
flap (e. g., a tab), the small flap is deflected oppositely
to the large flap, experiment has shown that the method
is applicable whether either flap is stalled or not.

It is necessary to integrate the normal-force distribu-
tion curve to determine the several flap normal-force
and hinge-moment coefficients for the airfoil with
serially hinged flaps.

LANGLEY MEMORIAL AERONAUTICAL LLABORATORY,
NartronaL Apvisory COMMITTEE FOR AERONAUTICS,
LanerLEY Firwp, Va., April 12, 1938.



THE CHORDWISE

APPENDIX

THEORETICAL RELATIONSHIPS FOR THE THIN AIRFOIL WITH PLAIN
FLAP

The application of thin-airfoil theory to the problem
of the airfoil with a plain flap is detailed in the following
section.

Designate (ﬁ—g) dx as the value of the elemental span-

wise circulation at any point 2 back of the leading edge
of the airfoil of chord ¢ subjected to the stream velocity
V. Glauert has shown that, if a distribution of vortic-
ity along the chord of the airfoil with a plain flap is
assumed in the form

(%g)dx:cV[Ao (1+4-cos 6)

+ ZA,L sin nf sin 0ldd (A-1)
1

where
f=cos™* < 1—==
or

x=%(1—cos 0) (A-2)

then, in order that Kutta’s criterion may be satisfied
and that the flow across the chord shall be everywhere
tangential to the camber line of the airfoil, the coeffi-
cients of equation (A-1) must be given by

Aoza’+<7r_-00>5
Lo

(2 sin 6,
A1—<———7r )5

Aﬂ___(z sin n00>5
nw

where &’ is the angle between the direction of stream

flow and the unflapped portion of the airfoil, 6 is the

flap angle measured from the unflapped section, and 6,
is the value of § at the flap hinge, 1. e.,

cos =—(1—2F) )
sin 6,=2E(1— )
where E'is the flap-chord ratio

(A-3)

(A-4)

E=%
c

The pressure difference P (in terms of the stream
dynamic head ¢) at any point z along the airfoil section
is the lift per unit span experienced by the airfoil at that
pointin terms of ¢, or

dL
P:%:‘—i; (A-5)

but, from wing theory, the lift of an element of chord
per unit span is

LOAD DISTRIBUTION OVER AIRIOIL SECTIONS WITH FLAPS 11

dr
dx

(p is the fluid density) and, since by differentiation of
equation (A-2)

dL=pV -dx (A-6)

dr= %c sin 0do

then

pV ¢ [Ay(14-cos ) —{—ZA sin nf sin ) 30

4[A, 1+cos 0>+2A sin n6)

sin @

(A-7)

Substituting the value of the coefficients (equation
(A-3))

4(1+cos 6) , <1r-— 00> \"\ 85 sin nf, sin nd
I: sin 6 :":a + T s nw
1

When the flap is neutral (§=0), the lift distribution is
(using the subscript ; for the flap-neutral case)

4(1+cos 6)

Pr= sin 6

(A-8)

The incremental lift distribution due to flap deflection

is
O\ 8 sin 6, sin 76
+Z —njr:]a (A-9)
1

P— [4(1—l—cos 0) (r—6,)
5=
w7 sin 0
Perring (rveference 12) has shown that, for airfoils
with serially hinged flaps, the elemental chordwise
distribution of ecirculation may be expressed by equa-
tion (A-1), provided that the coefficients be given by

T— b 7r~00“
Ay=o-+ - ! el
2sin 6y, 2 sin §,, 2 sin 6,
17— 1 62 . ﬁé,
™ T ™ (A4-10)
2sinnf, 2 sin n9025 2 sin n@ora
"~ pr ! nw L nar 4
where 6y, 00, . . . 6, and 8,3, . . 6, are the

values of 8, and & for each of the » number of flaps.
Hence, the lift distribution over an airfoil with
serially hinged flaps may be expressed by

P2:P1+P51+P52+P53+ DR PS

where P; denotes the distribution with all flaps neutral
(given by equation (A-8)) and Py, P, . Ps, are
the incremental distributions due to the individual
deflection of flaps 1, 2, . . . r, respectively.

A characteristic feature of the thin-airfoil theory is
that the incremental distribution due to the deflection
of one or more flaps is independent of the original shape
of the mean camber line of an airfoil. An airfoil with a
curved mean camber line may be considered essentially

(A-11)

r
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as a symmetrical airfoil with an infinite system of
serially hinged flaps deflected so as to produce that
curvature. It has already been seen that the incre-
mental distribution due to the deflection of any one of
a number of serially hinged flaps is independent of the
deflections of any of the other flaps.

Thus the incremental lift distribution as given by
equation (A-9) is equally applicable to every flapped
airfoil of infinitesimal thickness.

Now consider the incremental lift distribution given
by equation (A-9) to be the sum of (1) the incremental
additional distribution

Pa5:[4(7r 6o) (1+4cos 0) (A-12)
w sin 6
and (2) the incremental basic distribution
o \ 8 sin 7 6, sin nd 3
Pw_-[E B0 7 fysin né ]5 (A-13)
1

The general form of the incremental additional
distribution, unlike the incremental basic distribution,
is not a function of the flap-chord ratio, I.

Glauert (reference 3) has shown that the incremental
lift coefficient (i. e., for o’=0) is given by

Cip=2[(w— ) +sin 6, (A-14)

"The incremental addi‘qional lift coefficient is given by

Cr5= qc [ Posqda
2 - 00)5J (1-+4cos 6)d8
=2 (r—6) (A-15)
and, from equations (A-14) and (A-15)
Crps=2 sin 6d (A-16)

Substitution of the values of ¢;,; and ¢;,; in equations
(A-12) and (A-13), gives

Py 2(1--cos
Pu_2( Iﬁ‘coq 6) (A-17)
Crus T s ¢
P 4 A\ s s
Py 2 sin né, sin nd (A-18)
Cps T SIN G n

1

Equation (A-18) may be rewritten as the sum of two
series

Py 2 ['\\cos n(f)o—&)hE cos n(ao—u)):l
Crps T sin 6| n Py
1 1
But
2 COLNT g2 —log, sin)
1
Hence
Tl
sin 5 (6o +6)
P 9 sin (6,
= g 2 (A-19)
clbg 7 sin 00

1
sin —5(00—6)

The moment of the incremental additional lift about
the quarter-chord point of the airfoil may be shown
to be zero, hence the incremental basic lift is reponsible
for the entire incremental quarter-chord moment.
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TABLE III—Continued

Pifcn,; DISTRIBUTION

(&) PLAIN OR SPLIT FLAP AT §=50° () PLAIN OR SPLIT FLAP AT §=60°

P 0.05 0.10 0.15 0.20 0.25 0.30 035 | 040 | 005 0.10 005 | 020 | 025 | 030 | 035 | 0.40

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o | o
.05 15 .15 .16 .16 .17 17 .18 .19 .15 1 1| I  EROE | { RS { B - B
-10 7 .23 .23 “24 .25 .25 .26 .27 L2 230 .2s| 2| .28 l26| .2
.20 .33 .34 .35 .35 236 .38 -39 .40 3 35 .35| .36 .38  .30| .40
/e 130 43 44 .45 .46 47 .49 .51 152 43 45| 46| 47| 49 Bl 2
& .40 .54 ) 256 157 .58 -60 .62 .64 .54 56| .57 58| .60|  .c2| .64
(ahead of -50 .66 .66 .68 .69 o .73 “75 7 -6 e8| .ea| .71l .| .78
hinge) .60 179 -80 182 .83 85 ‘88 -90 193 279 82 sl 85 ss| .90 .®
70 L7 98 100 103 105 rogf LU 114 97 99| rot| Lozl 105 107 110
‘80| 21| r2g w23 L2s|  Los| 1290 132l 135 120 122 124 19| 128 120 1.32
Je0| 154 18| 186 Lsy L7l Lsr|  La7l L7 152 154 155 154 153 151 150
oo| 3.8 268 227 200 lLssl L77| 17| 167 3.8 2,22 Lo7| L8] 171 Le63| 1.59
90| 418 2900  2.45) 215 195 181 172 L6l  4.04 2.36] 2.08) L88| 176 168 1.62
'so] 4250 300 250 220 1es] syl 172 Les 416 2,45 215 1ol 178 L8| 159
L 270l 4.27|  3.02) 2.48)  2.18) 196|181 L70| 159 427 2,48/ 218 19| L8] 1L70| 159
1oafe 60| 421|297 2.43)  2.14]  n92] L7l Les|  Lsy 4.2 2.46| 237 Los| 179  ner| 157
E 50| 4071 2:86 236  2.06] 1.8 veg| L7l 148 418 2,421 21| 1l 173 1e 152
(back of 10 388 271 2,24 195  L73) 150 148 139 401 2330 2.02( 180 L65| 154 1.45
hinge) 300  3.52)  2.49| 204 i76]  158]  Laa| 134 Laes| 37 2.15| 1.86| Le6 Ls2| 141 L3
.20 3.08) 215  L7e| 183  La7|  L2s| L1 L09|  3.27 188 163 Lde| L33| 124 L1
(0] 2.34] 14l 133 118 105 196 .90 84| 251 143 L2s| 113 Lo3|  .96] .90
05| 2002 122 100 .87 78 .70 .65 61 218 1osf  .e3] .84 76| .71 .66

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | o

{
(g) SPLIT FLAP AT 5=20° (h) SPLIT FLAP AT $=30°

B 0.05 | 010 | 0.15 | 0.20 | 0.25 | 030 | 0.35 | 040 | 045 | 0.50 | 0.05 | 0.10 | 0.15 | 0.20 | 0.25 | 0.30 | 0.35 | 0.40 | .45 | 0.50

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
.08 .15 .1s| Lie| .18 7| a7 .19 o1 Las .15 16| .16 .17) .17 .18 .19 .21
10| 22| .23|  C23)  Cag| 25| 25 .27 ‘30| .o2| w3 l23] a4 .28 o5 w7 230
200 .33 .34] 35| 38| 6| .38 -40 aa| 133 lzel  I35] 35| .36 .38] .39 .40 44
zfe 300 .43 .44] 45| a8 47| 49 152 57| .43]  .44]  L4s| 46| 47| Le0| 5l .52 .57
=B 0| Is4) 55| Ise| 57| .58 .60 .64 70| os4]  Iss| .56 .a7| s8] .60 .62 .64 270
@headof | -5 66| .e6| a8l .eol 7| 78 N 84| .es| .o6| .es| .eo| .7l 78| 7| 77 .84
hioas) .60, .79 .80| 82| 83| &5 .88 .93 roo| .79 .sol .s2| &3] (85| .88l oo| .93 1.00
2 70l 97| e8| roo| 101 103 1.0 1 119 .97 98] 1ool woil 103 105 108 Lil 119
80| 1.23| 124| 126 L27| 129 131 1.38 146 128 ro# 126l 127|129l 131] 134 L3 1.46
00| 1.69] Lwo| L7 72| 178 173 1.73 174| Lo4| Les| 166 1.67| Lesl 168 168 169 170
> | 1o 479 333 279 244 22| 208 1.90 1.84| 4.55 3.15 2.63| 232 214 198 189 18 1.73
90 4.84| 3.36| 2.83| 2.49 2.26| 200 1.90 1.79| 4.60[ 3.19| 2:69| 2.36 214 1.99| 188 1.80 1.68
.80 4.65| 3.20| 2.74| 2.40 216 1.99 1.78 1.63| 4.490 318| 2.65| 232 200 lo2[ 181 L72 158
I 70| 4.32| 3.06) 2.51) 221 199 1.8 1.61 1.48| 4.27] 3.02) 2.48) 219 1.97| 1.8 1.70| 1.59 1.46
1-zfc 60| 3.94| 2.77| 2.97| 200 1.80| 1.65 1.45 1.32) 4.02| 2.83 232 =204 183 169 157 1.48 1.35
E 50| 351 2.46) 2003 L77) 159 146 1.28 116 3.71| 2.60| 2.14| 187 1.68 1.54| 143 1.35 1.22
(back of 40| 3.05| 215 177l 14| Larl 1.26 1.1 99| 3.35| 2.36| 1.94| 1.69| 11l 1.38] 120 L2t 1.09
hinge) 30| 2.60| 1.83] 1.51] 1.30| 1.16| 1.06 .92 84| 2.95| 208 171 148 132l 121 1.12[ 106 .95
| J20| 2130 1.0 1.93] 1.06| .95 .87 .76 68| 2.68| 1.88| L4l 133 119 1.00| 1.0l .95 -85
10| 14| 1os| .88 .77| 69 .63 .58 49 r.ot| 134 108 .95 .8| .79| .73 .68 -6l
05| 120 .78/  .64] .55 .50 .45 .39 35| 1.63| .98 .81 70| (63| .57| 53| .49 44

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o | o 0
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REPORT NO. 634—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TABLE VIILI
HINGE-MOMENT PARAMETER ;s
\6 (deg.)
\ 5,10, 15 20 30 40 50 60
(a) PLAIN FLAPS
0.05 —0.86 | —1.23 | —136 | —148 | —L59
‘10 —6l | —.8 | -9 | —lo04 | —112
‘15 —50 | —.66 | ~79 | —.86
“20 —43 | =57 | —68 | —75
\95 —39 | —52 | —6l | —67
‘30 —36 | —.47 | —.57 | -2
135 —33 | —44 | -8 | —&7
10 —32 | —laz | —la9 | 54
45 30 | —.40 | —.d47 ||
50 29 | —l38 | ~.45
55 -8 | -
160 -2 | -
165 25 |
70 — 24
0.05 ~L27 | -1.38
-10 ~91 | ~—.99
15 —75 | —.81
20 —64 | —70
\25 —58 | —.63
130 53 | —58
35 —50 | —.54
J40 —4r | =51
45 —4d | 48
.50 —42 | —l46

TABLE IX

FLAP NORMAL-FORCE PARAMETERS

or RET) Voo Yom

E Yo% Yab | Class1 | Class2 | Class1 Vae
0 0 0 0 0

.05 .03 —-~.13 .02 09
.10 .06 —. 25 .05 17
.15 .09 —.34 07 24
20 12 —40 | .09 32
.25 15 —~. 43 .12 38
.30 .18 —. 42 .14 45
.35 W21 —.87 W17 51
.40 .24 —~.28 .20 58
.45 .28 —. 16 .24 63
.50 .31 —.01 .28 69
.55 .35 14 .32 74
.60 .39 30 .38 79
.65 .43 45 .42 84
.70 .47 60 .47 89

TABLE X.—FLAP

HINGE-MOMENT PARAMETERS

2 or e Moo Tom

E Ta % %ad | Class1 | Class2 | Class 1 Tae

0 0 0 0 0 0
.05 —.01 .04 —.01 —.03 1.95
.10 —.02 09 -, 02 ~. 06 2.22
.15 —. 03 .13 —. 02 —. 08 2.33
.20 —.04 16 —.03 - 11 2.37
.25 —. 056 18 -—.04 —.13 2.39
.30 —. 06 19 —. 05 ~.15 2.36
.36 ~. 07 19 —. 06 —. 18 2.31
.40 —. 08 19 —. 06 —. 2 2,26
.45 —. 09 17 -. 07 —.22 2,17
.60 —~. 10 .14 —. 08 —. 24 2.09
.65 —. 11 .11 —. 09 —. 20 2.00
.60 —. 13 .08 —. 11 —. 28 1.91
.65 -. 14 .04 —. 12 —. 30 1.81
.70 —.15 .00 —. 13 -, 32 1.71
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/ Positive directions of axes and angles (forces and moments) are showh by arrows
Axis o Moment about axis Angle ’ Velocities |
- | Foree |- ‘ . , S
) g (%)a;ralle)l 1 P - g (Linea;r .
. . ym- | to axis s ym- ositive esigna- | Sym-| (compo-
Designation "bol" | symbol Des1gna§10n bol direction tion | bol |[nentalong Angu}ar
L ‘ P . :  axis)
Longitudinal __ - . . X X | Rolling.-—_. L |-v—z " Cu- p
Lateral..____...2.| Y Y Pitching.___| M Z——X [/ v q
Normal . _________ Z Z Yawing.._..{ N |« X—Y Yaw_._..| ¢ w r
Absolute coefficients of moment , . Angle of set of control surface (relative to neutral
. ) L M N position), . (Indicate surface by proper subscript.)
O=-"5 . 0,,',=-— Ci==a ‘ R ) Rl .
qbsS v geS . qb8 : , ' .
. (rolling) - (pitching) . - . (yawing)

4. PROPELLER SYMBOLS

D,  Diameter . . o ‘ ' P, - PoWer, absolute coefficient szé;%

P; Geometric pitch ‘ o
Z,i !,D’ ill%c;l m‘:ﬁ) city o ) : C,,  Speed-power coeﬁiment:\/ ;’—Yﬂ
Yo WV ’ g . PR Lo . ‘ P
Vs, - Slipstream veélocity ' o S M Efﬁmenc:y .

. , , T n, - - Revolutions per second, r.p.s.
T,  Thrust, absolute coefficient C’T=p—fﬁ—fD7 R ‘

o ®, Effective helixangle=tan"1(zzn)
Q, Torque, absolute coefficient CQ‘=;?§—[$ : P -
: - 5. NUMERICAL RELATIONS

1 hp.—76.04 kg-m/s=550 ft-b./sec. 1 1b.=0.4536 k. -

1 metric horsepower==1.0132 hp. “ 1 kg=2.2046 1b.
1 m.p.h.=0.4470 m.p.s. , ’ 1 mi.=1,609.35 m=5,280 {t.

1 m.p.s.=2.2369 m.p.h. - , 1 m=3.2808 ft.



